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Ultraviolet B (UVB) radiation has been shown to in-
duce significant alterations in both function and surface 
antigen expression of epidermal Langerhans cells 
(ELC). In this study we investigated the effect of UVB 
radiation on ELC marker S-100 protein antigen (S-100 
Ag) which is present in the nucleus and cytoplasm of 
human ELC. A total of 34 sites on 31 volunteers were 
exposed to 3 MED (minimal erythema dose) of UVB and 
biopsied at various times up to 7 days after irradiation. 
Skin from 9 noninjured and 7 slice-wounded subjects 
served as controls. The avidin-biotin-peroxidase stain-
ing technique was used to identify S-100 Ag in sections 
of formalin-fixed, paraffin-embedded tissue, and the 
numbers of stained suprabasal dendritic cells were then 
counted over a 200 basal cell length of interfollicular 
epidermis. Noninjured skin had 3 .56 ± 3.01 cells, 
whereas slice-wounded skin had elevated numbers (> 
10.0 cells) at 1, 24, and 48 h after injury. Following 
UVB irradiation, a significant (p < 0.001) increase in 
antigen-positive cells (14 :t 3.46) was found at 1 h; this 
number declined to just below normal at 12 h, but by 48 
h returned to a nd r emained at preinjury levels. In con-
trast to previous observations of the depletion of ELC 
surface markers by UVB radiation, we demonstrate 
here that the numbers of S-100 Ag-positive ELC ac-
tually increase following comparable doses of radiation. 
Since this increase occurs so rapidly following both UVB 
irradiation and slice injury, S-100 Ag may be synthe-
sized or unmasked within the ELC as a response to 
wounding of the epidermis. 
Ultraviolet radiation injury to the epidermis activates a cas-
cade of events wh ich involve cell injury, alteration, and repair 
[1], and t he epidermal Langerhans cells (ELC) are not spared 
from these phenomena. UVB irradiation diminishes the num-
bers of ELC identified by staining of the surface marker AT-
Pase after both acute [2,3 ] and chronic [4- 6] exposures, while 
gam ma radiation has no effect on the staining of ELC mem-
brane ATPase activity or Ia antigen [7] . The apparent loss of 
t he ELC a fter UVB irradiation may be due to cytomembrane 
damage rather than elimination of t he cells, since Aberer et a l 
Manuscript received May 24, 1984; accepted for publication Septem-
ber 19, 1984. 
Supported in part by grants AM07175 and AM12433 from the 
National Institutes of Health. 
* This paper was presented to The Society for Investigative Derma-
tology Inc., May 7- 9, 1984 in Washin gton, D.C. 
t Dr. Maceira is t he recipient of a scholarship from CAPES, an 
agency of t he Brazilian Ministry of Education . 
Reprint requests to: Shauna A. Schneider, M.D. , Department of 
Dermatology, 1092 HSE, University of California, San Francisco, Cal-
ifornia 94143. 
Abbreviations: 
ELC: epidermal Langerhans cell (s) 
PBS: 20 mM phosphate buffe r contain ing 0.14 M NaC I 
S-100 Ag: S-100 protein antigen 
[8] and Iacobelli et a l [9] have shown by electron microscopy 
that s ignificant numbers of ELC persist following a single dose 
of UVB even t hough expression of A TPase and Ia have been 
virtually eliminated. Quantitation of ELC by electron micros-
copy or light microscopy visualization of "clear" cells without 
the benefit of stain is, however, technically difficult and has 
led to conflicting results [10-12]. 
S-100 protein antigen (S-100 Ag) is a cytoplasmic and nuclear 
marker of the human ELC [13,14]. Because this antigen should 
not be compromised by UVB-induced cytomembrane damage, 
we investigated the effects of UVB injury on the S-100 Ag-
conta ining ELC in human skin by immunohistochemical stain-
ing utilizing the avidin-biotin-peroxidase (ABC) technique. In 
addition, slice-wounded huma n skin was examined by the same 
methodology in order to compa re the response of S-100 Ag-
positive ELC in two types of injured epidermis. 
MATERIALS AND METHODS 
Biopsies 
A total of 50 biopsies from normal-appearing skin on the extremities 
of 46 adult volunteers were studied with 9 biopsies from unwounded 
areas. For UV injury, approximately 3 minimal erythema doses were 
delivered to covered skin by a Hanovia air-cooled, hot quartz contact 
lamp, emitting 2.73 X 10° ergs/cm2/s of UVB. Punch biopsies were 
obta ined at hours 1 (n = 4), 3 (n = 2) , 6 (n = 5), 12 (n = 4), 24 (n = 5), 
48 (n = 5), 72 (n = 5), and 168 (n = 4). Slice wounds were made 5 mm 
long and 2-4 mm deep on the lateral aspect of the lower leg, and 
biopsies were taken at 1 (n = 3), 24 (n = 2), and 48 (n = 2) hours. All 
tissue was subsequently formalin-fixed, paraffin-embedded, cut at 6 
J.Lm, and placed on glass slides. 
Immunoperoxidase Staining 
After deparaffinization and rehydration, sections were soaked in 
0.3% (v/v) H20 2 and absolute methanol for 30 min to block endogenous 
peroxidase. A modification of the avidin-biotin-peroxidase complex 
staining technique [15] was used to identify S-100 Ag. Dilution (v/ v) 
of reagents in 20 mM phosphate buffer containing 0.14 M NaCI (PBS) 
(pH 7.4) and duration of reaction were as follows: (a) normal goat 
serum (1:10) for 30 min, (b) anti-S-100 Ag (1:500) (purified monospe-
cific rabbit antibovine S-100 protein IgG purchased from Dako-Accu-
rate, Westbury, New York) for 2 h, (c) biotinylated goat ant irabbit IgG 
(1 :30) (Vector Laboratories, Burlingame, California) for 30 min, and 
(d) avidin-biotin-peroxidase complex (ABC Vectastain Kit, Vector 
Laboratories) for 40 min. PBS was used for washes between incubations 
with 0.05% (v/v) polyoxyethelene sorbitan monolaurate (Tween-20, 
Bio-Rad Laboratories, Burlingame, California) added to washes up to 
step (c) to decrease background staining. Color was developed with 
0.05% (w/v) 3,3' -diaminobenzid.ine tetrahydrochloride (DAB) (Sigma 
Chemical Co., St. Louis, Missouri) and 0.003% (v/v) H20 2 in 50 mM 
Tris-maleate buffer, (pH 7.6) , and the reaction was terminated by 
washing in water. Sections were finally dehydrated, mounted, and 
examined wi thout counterstain under a Zeiss light microscope. 
Analysis 
By light microscopy S-100 Ag-positive suprabasal dendritic cells 
were counted in interfollicular epidermis and quantified as t he number 
per 200 basal cells. In slice-wounded skin t he numbers of S-100 Ag-
positive cells were counted within 200 basal cells of either side of the 
wound. 
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RESULTS 
Normal Skin 
Noninjured skin had regularly distributed, well-stained su-
prabasal cells with delicate dendrites (Fig lA ), and quantitation 
revealed 3.56 (±3.01) cells per 200 basal cells of interfollicular 
epidermis (Fig 2). On rare occasion, an increased density of 
cells was noted around a hair follicle, but these areas were not 
included in counting tallies. Melanocytes were not quantified 
but, as reported previously for S-100 protein staining [17], they 
did have variable color intensity from light brown to unstained 
clear cells identified at the dermal-epidermal junction and at 
the base of hair follicles. In the dermis Schwann cell-wrapped 
nerves and occasional unidentifiable single cells contained 
brown reaction product. 
UV Injury 
By 1 h post-UVB, a significant (p < 0.001) increase in 
suprabasal S-100 Ag-positive dendritic cells was found (14.0 ± 
3.46). These cells appeared throughout both interfollicular and 
follicular epidermis with no apparent alteration in morphology 
or distribution (Fig 1B). As illustrated in Fig 2, subsequent 
biopsies at 3, 6, 12 and 24 h after UVB radiation showed a 
progressive decline in the number of S-100 Ag-positive cells. 
A 
FIG 1. S-100 protein antigen-containing suprabasal dendritic cells 
in human skin stained by the avidin-biotin-peroxidase complex tech-
nique. A, Noninjured skin. B, One hour post UVB irradiation. C, One 
hour after slice injury, with arrow indicating wound site. x 210. 
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FIG 2. The numbers of S-100 antigen-positive suprabasal dendritic 
cells counted over a 200 basal cell length of epidermis at various time 
intervals following injury. The numbers of biopsies studied at each 
time period are listed in Materials and Methods. Data represent the 
mean± SD in unwounded normal (NL) skin (!il), UVB-irrad.iated skin 
(.),and cut-injured skin (CJ) . 
The numbers recorded at 12 and 24 h were below the normal 
level, but these values were not statistically significant ( p = 
0.13 and p = 0.17, respectively) . The decrease in S-100 Ag 
expression between 1 and 24 h coincided with the appearance 
of "sunburn" cells and vesicles visualized on sections stained 
with hematoxylin and eosin. During this time the antigen-
positive cells remained dendritic but their dendrites became 
somewhat blunted and thickened. From 48 h on, the number 
and morphology of the stained suprabasal cells returned to 
baseline, and early epidermal hyperproliferation was seen at 72 
h. 
Cut Wounding 
Cut wounding of skin caused a similar rapid and uniform 
increase in the number of S-100 Ag-positive cells (Fig 1C), and 
this increase persisted at 24 and 48 h postinjury (Fig 2). Cell 
numbers were uniformly higher across the entire area biopsied 
and stained cells were present up to within a few cells of the 
cut wound edge. In both sliced and UV-injured skin no altera -
tion in dermal or melanocytic staining for S-100 Ag was de-
tected, and no changes in the distribution of S-100 Ag-positive 
cells in the epidermis or upper dermis were seen after either 
form of stimulation. Finally, at no time were mitoses appreci-
ated in cells stained for S-100 Ag. 
DISCUSSION 
Our findings support the contention that ELC remain in the 
epidermis following acute UVB radiation injury [8,9,16) . In 
contrast to the findings with the surface markers such as 
ATPase and Ia, the numbers of ELC positively stained for S-
100 Ag increased rapidly following both a single UVB dose and 
simple slice wounding. Ideally, we would have compared the 
staining of S-100 Ag with staining of OKT6 or HLA DR by 
double-labeling studies in order to document that the supra-
basal S-100 Ag-positive cells are indeed ELC. The fact that S-
100 Ag did not stain on frozen tissue sections precluded our 
completion of this step in the investigation. As an alternative, 
we relied on epidermal location (basal vs suprabasal) to indicate 
dendritic cell type, realizing that, because the melanocyte has 
also been shown to express S-100 Ag [13], minimal error may 
have been introduced by the counting of a stray suprabasal 
melanocyte or the deletion of a rare basal ELC. 
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Migration of ELC into the epidermis has been documented 
[17] and evidence suggests t hat ELC undergo mitoses after 
UVB irradiation [18], but because the ch anges observed here 
occur within 1 h , it is highly unlikely t hat the number of S-100 
Ag-positive cells increased by either division or migration. 
Rather, t he t ime course and uniformity of distribution in both 
follicular a nd interfollicular epit helium are most consistent 
with an increase in expression of S-100 Ag in ex isting ELC as 
a result of unmasking or rapid synthesis of the antigen . 
We estimated 3.56 ± 3.01 S-100 Ag-positive ELC per 200 
basal ce lls in sections of normal skin, which is significantly less 
t han t hat reported for sections of normal skin stained with 
equivalents of Ia (28 ± 7) and T 6 (39 ± 3) [19) . Even during 
the postwounding increase in S-100 Ag expression , t he number 
counted never exceeded t he reported normal number of T 6-
positive cells . Therefore, in injured skin S-100 Ag-positive ELC 
most likely arise from Ag-negative cells in t he resident popu-
lation. 
The biologic significan ce of S-100 Ag expression is unknown 
(20) . However, the increase of S-100 Ag in ELC following a 
disrupt ion in DNA synthes is by wounding may be comparable 
to t he expression of "SOS" functions by Escherichia coli follow-
ing s imilar insults [21,22). According to Witkin [23) " . .. 
t he designation 'SOS' (the international distress signal) implies 
that damage to DNA (or stalled DNA replication) initiates a 
regulatory s ignal t hat causes t he simultaneous derepression of 
various functions, all of which presumably promote t he survival 
of the cell. .. ". In E. coli, damage to DNA is accompanied by 
an increased rate of synthesis of recA protei n [24], which is 
considered essen t ial fo r t he expression of such SOS functions 
as DNA repair, inhibition of cell division , and mutagenesis 
[25 ). Perhaps S-100 protein in ELC, like recA protein in E. 
coli, is synthesized in response to cellular distress and functions 
in the maintenance of tissue surviva l. The immunologic role of 
t he ELC has been shown to be inhibited by UV radiation 
damage (26), and it seems possible t hat under such adverse 
condi t ions t he ELC activity h as been redirected from antigen 
presentation toward cell recovery. 
Potten and Allen [27,28] have implicated involvement of the 
ELC in keratinocyte proliferation control and wound healing. 
They observed an inverse relationship between proliferation 
and t he relative frequency of the total number of ELC during 
healing of tape-stripped and pluck-wounded murine skin. Oth-
ers have a lso found that in the mouse the highest ELC density 
occurs between the scales of the tail and in the hair follicle 
region [29) a nd in psoriasis the ELC numbers are decreased 
[30). Quantitative data obtained in the present study were not 
able to support the view of Potten and Allen in that the number 
of S-100 Ag-positive ELC seen during the period of increased 
mitotic activity 2-3 days post UV irradiation [31] were not 
decreased below t he normal level. However, if wounding in-
duced a fixed phenotypic change such t hat all ELC present in 
t he epidermis maintained t he expression of S-100 Ag acquired 
at 1 h, then the subsequent counts could reflect an absolute fall 
in number as proposed by Potten and Allen . Further studies of 
skin from various experimental and pathologic conditions in 
which DNA synthesis has been dis rupted may help to elucidate 
t he function of t he S-100 Ag-positive ELC, its role in epidermal 
healing, and its relation to the total ELC population. 
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